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Abstract


Well-written and well-organized board work for teaching solutions to various math problems is very helpful to learners trying to understand how to solve math problems. This article presents a model for teaching math that illustrates the value of using writing within a step-by-step approach to help students understand and learn math solutions. The model also includes a method for presenting quantitative course content that accommodates the strengths of learners with primary verbal learning abilities as well as those with primary quantitative learning abilities.

A BOARDWORK AND NOTE FORMATTING MODEL FOR LEARNING MATHEMATICS COURSEWORK USING WRITING

The decline in the state of mathematics education in the U. S. compared to other nations was documented by McKnight and others in 1987 (McKnight and others, 1987).  The National Research Council expressed its concern in 1989 with a call to improve the ways children learn math (1989).  As a suggestion for better math education, Garfolo proposed creating an atmosphere where the math classroom must focus on making sense and creating meaningful understanding when students attempt to understand and learn how to solve math problems. (Garfolo, 1994).  The National Council of Teacher’s of Mathematics in their standards for school math emphasizes the need for using oral and writing skills to clarify thinking and understanding about math ideas and relationships (1987).


Many math instructors are not aware of the fact that there are learners with primary verbal learning abilities as well as primary quantitative learning abilities.  Because of habit, training, or assumptions about learning many math instructors typically teach to the learner with primary quantitative abilities.  It is normal for verbal learners to have difficulty understanding and assimilating material presented in quantitative language (numbers, letters, and symbols) just as quantitative learners find verbal courses (psychology, history, sociology) more challenging.  To speed the learning of math, there are many benefits to including writing to promote the understanding of solutions to math problems especially for learners with well-developed verbal learning abilities.  Writing in math is directly related to solving math problems (National Council of Teachers of Mathematics, 1989).  It encourages clearer thinking of mathematical ideas and processes, and more quickly reveals the level of understanding among learners (Miller, 1991).


The model below presents a simple format for organizing math lecture and textbook material that includes the beneficial element of writing.  This model speeds learning, facilitates identification of incomplete or incorrect understandings in solutions, and signals when and where help is needed before a test is taken when something can still be done about it.


Presented below are the steps for implementing this board work model.  This model allows for presenting and formatting math problems and solutions so that both quantitative and verbal learners can use their strengths whether it lies in quantitative or verbal abilities to understand and learn mathematics.


For instructors, teaching assistants, tutors, or Supplemental Instruction (SI) leaders the procedure for setting up math problems and solutions on the chalkboard is as follows:

Step 1:
Divide the chalkboard into 4 equal sections.

Step 2:
In section 1, write down relevant prerequisites for solving this type of problem.

Step 2:
In section 2, model a solution step-by-step by explaining what is done for each step as the steps are recorded on the board.  Indicate the source of answers.  This is important because it is answers to problems that tell learners if solutions are correct.  Without the ability to verify answers, there is a greater risk that incorrect or incomplete solutions may be learned or frustration may cause learners to give up.  This is especially so if learners are working on their own, away from immediate resources for assistance such as tutors, instructors, or classmates

Step 3:
In section 3, using short phrases, write the words for what is done in each step from section 2. This narration becomes the rules for solving this type of math problem in the future.  When finished, ask for questions and be ready to explain what is done and why for each step in the solution. This promotes understanding and is especially useful to learners with marginally developed quantitative abilities and well-developed verbal learning abilities.  Allow learners to ask questions to increase or to check understanding.  The written rules can then be used for solving other similar problems.  For example, when a learner knows the rules for multiplying fraction problems, s/he is able to solve an unlimited number of problems of this type.

Step 4:
In section 4, when there are no more questions, record a similar problem for learners to practice and to check for understanding.  If they get stuck, they are now armed with prerequisites, a model of a solution, written rules for a solution, and the knowledge of instructors, tutors, SI leaders, and/or collaborating peers.  When learners finish the practice problem, the instructor, tutor, SI leader or another learner writes each step of a solution on the board as it is dictated or a learner may come to the board to present a solution, step-by-step. The person offering a solution should explain: (1) what is done in each step, (2) why it is done that way and (3) how to verify that they have the right answer. 

Insert Table I here

Below is an example of this model using a problem from Algebra I:

Insert Table 2 here

This type of board work model has several benefits:

1.

It demonstrates the importance of listing and knowing essential prerequisites for solving each type of math problem such as formulas, equations, charts, diagrams, mnemonics, etc.  Learners may then quickly identify if prerequisite knowledge is missing or in need of refreshment.

2.

Learners see a model of how to solve each type of problem by watching and hearing instructors, tutors, SI leaders, or fellow learners think through solutions including verbal and written explanations of what is done and why it is done that way for each step in a solution. 

3. Written rules for solving each type of problem are placed on the board for students to include in their notes.  This is an important element that improves college student’s thinking processes and their understanding of algebraic terms and formulas (Ganguli, 1994).  Rules consist of a narration of what is done in each step of a solution. Writing is done to for the purpose of including students whose primary competencies lie in their stronger verbal learning ability.  The narration becomes a tremendous aid to these students (essential for some) who traditionally have difficulty with quantitative problem solving.  Also, if learners cannot explain verbally what is done in a step, they realize immediately the need to consult a text, workbook, a peer, a tutor, SI leader, or the instructor for help.  Learners can avoid becoming a Fat b, that is a student who engages in the risky practice of feeling, assuming, thinking, or believing a solution has been learned when it has not.  Remedies can then implemented before the knowledge is needed on exams, in cooperative education experiences, internships, or after graduation.

4.

Learners are given a chance to practice and/or check understanding by doing a similar problem on their own.  Here is another opportunity where learners can forestall later difficulties.  This step prevents the risky practice of Fat b and encourages verifying an understanding of a solution through practice and collaboration.  Instructors, tutors, or SI leaders should not accept at face value the verbal assurances of understanding without creating an opportunity for learners to test their understanding.

5.

When page numbers and lecture dates are included, learners see where information comes from for solutions to solve each type of problem; therefore they are more likely to refer to these sources on their own to use as guides to solving current problems and those yet to be presented.

6.

Students are not simply “told” how to solve problems.  Telling alone is not teaching and typically yields little success in promoting understanding of solutions to math problems for many learners.  Since teaching can’t take place unless there is learning, this board work model provides opportunities for students to learn through examples, models of solutions, written step-by-step explanations, verbal and written narrations, opportunities to ask questions, and chances to practice understanding.  All this helps learners discover what has and has not been learned before a test when something can still be done about it.



Below is an example of how learners may use this model to organize math notes to increase understanding and speed learning.  First, divide the front of a notecard into 2 section (section 1 and 2).  Then divide the back of the notecard into 2 equal sections (sections 3 and 4).

In Section 1:  Include relevant prerequisites for solving this type of problem.

In Section 2:  Record a problem.  Indicate the sources for the problem and the answer. 

In Section 3: Record the solution step-by-step 

In Section 4:  Write the words for what is done in each step of a solution in Section 3 using short phrases. 

Insert Table 3 here
Insert Table 4 here
This model also works well for applied mathematics subject such as chemistry and physics.

Conclusion


Teaching to quantitative and verbal learners does not require major changes in teaching styles.  While writing will bring in a larger portion of verbal oriented students whom, in the past “just didn’t seem to get it”, it can also help quantitative learners speed understanding and assimilation of mathematics ideas and concepts.  It is sensible to make adjustments in the way quantitative coursework is presented to include learner’s strengths.  It also is sensible to help students with primary verbal learning competencies to utilize these strengths in learning quantitative material. 

TABLES

Table I 

BoardWork Model

	Section 1

PREREQUISITES
	Section 2

PROBLEM & SOLUTION
	Section 3

WRITTEN RULES
	Section 4

SIMILAR PROBLEM

	Includes writing aids to solving this type of problem along with the sources of these aids.
	Name the type of pro-blem and model a solution, step-by-step, with a how and why for each step. Include the source to check answers.
	In short phrases write the words in narration form. Describe what was done in each step of the solution in section 2 for this type of problem.
	Place a similar problem here so learners may practice solving this type of problem and check their understanding of the solution.

	1.  Equations ‑ source

2.  Charts - source

3.  Tables ‑ source

3.  Formulas  ‑ source

4.  Mnemonics

5. Skills that learners must have in order to solve this problem.  For example:

Finding atomic weight….

Converting moles to grams….

Multiply fractions…..
Etc.
	Name the type of problem here:

XXXXXXXX

PROBLEM:   01234 

                 98765

STEPS

1. 

2.

3.

4.

5.

Answer - include the source where the answer may be checked:  (text page number, lecture date, etc).
	1.

2.

3.

4.

5.
With written solutions, the opportunity exists to formulate a mnemonic to aid in remembering the steps in a solution.
	98765

43210
1.

2.

3.

4.

5.

Answer

Source to check the correct answer: Examples: text page #'s, lecture or problem session date.




Table 2 

Boardwork Example

	Section 1

PREREQUISITES
	Section 2

PROBLEM & SOLUTION
	Section 3

WRITTEN RULES
	Section 4

SIMILAR PROBLEM


	Factoring

Solving linear equations


	Factoring problem
Solve   x2+5x +6=0

1. (x+3)(x+2)=0

2.  x+3=0  x+2=0

3.  x+3=0

 -3 –3

x+3-3=0-3

x+2-2=0-2

4.  x=-3   x=-2

5. (-3)2+5(-3)+ 6=0;(-2) 22+ 5(-2)+6=0

Answer - p. 276
	1. Factor trinomial

2.  Make factor = 0

3.  Subt. 3 from 1st equation & subt. 2 from 2nd equation

4. Simplify

5. Check solutions in original equation


	Solve x2+7x+10=0


Table 3 

Notecard Set-up

Front of a notecard


                                                        Back of a notecard

     Notecard Example

    Front of a notecard


       Back of a notecard
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Put prerequisites here:





1.  Equations � source


2.  Charts - source


3.  Tables � source


3.  Formulas  � source


4.  Mnemonics


Skills learners must have to solve this problem:





For example:





How to find atomic weight…..


Convert moles to grams…..


How to multiply fractions….


Etc.











Put words that describe what is done in each step here:





1.





2.





3.





4.





5.





If possible formulate a mnemonic to aid in remembering the steps in a solution.








Put steps in a solution here:








1. 





2.





3.





4.





5.





6. Answer - include the source for this correct answer.





                                              Source














Name the type of problem here:  





XXXXXXXX





Put the problem here:





                        XXXXX 


                            YYYYY





Prerquisites                                                             p. 233





Algebraic equality


Interpret composition





                                            Find the inverse of f(x) = 2 x





1. y = 2 x					1. Replace f(x) with y





2. x = 2 y					2. Interchange x & y





3. Y = log2(x)					3. Solve for y by definition of log





4. f -1(x)=log2(x)	4. Replace y with f-1(x)





P. 234		RISP





Section 2: Name and record a problem








Section 1: Prerequisites








Section 3: Record a solution step-by-step








Section 4: Write the words for what is done in each step
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